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Scorpion envenoming and malnutrition are considered two important public health
problems in Brazil, involving mainly children. Both these conditions are more common
among the economically stratiﬁed lower income portion of the population, thus
suggesting that these factors should be analyzed concomitantly. It is known that
cardiorespiratory manifestations, as cardiac arrhythmias, arterial hypertension and
hypotension, pulmonary edema and circulatory failure are the main “causa mortis” of
scorpion envenomation. Additionally, there are evidences in the literature that de-
ﬁciencies in dietary intake endanger the CNS and modify the cardiovascular homeo-
stasis. Then, the objective of this work is to evaluate the protein malnourished effect on
cardiovascular responses induced by tityustoxin (TsTX, an a-type toxin extracted from
the Tityus serrulatus scorpion venom). Fischer rats (n ¼ 20) were injected i.c.v. with
TsTX and divided in control and malnorished groups, which were, respectively, sub-
mitted to a control and a low-protein diet. Arterial pressure recordings were done until
death of the animals. Although both groups presented an increased mean arterial
pressure after TsTX injection, this increase was smaller and delayed in malnourished
rats, when compared to control rats. In addition, heart rate increased only in rats from
the control group. Finally, malnourished rats had an increase in survival time (9:9/13.5squisa em Magnetoressonância, Escola de Engenharia, Universidade Federal de Minas Gerais (UFMG),
Horizonte – MG – CEP 31270-901, Brazil. Tel./fax: þ55 31 34091729.
guidine@ig.com.br (P.A. Guidine).
er Ltd.
F.C.S. Silva et al. / Toxicon 76 (2013) 343–349344vs. 15.5:10.5/18 min; p ¼ 0.0009). In summary, our results suggest that the protein
restriction attenuates the cardiovascular manifestations resulting from TsTX action
on CNS.
Published by Elsevier Ltd.1. Introduction
The scorpion envenoming syndrome is an important
worldwide public health problem due to its high incidence
and potential severity of symptoms (Ministério da Saúde,
2009, 2013). It occurs mainly in tropical and subtropical
countries, where hot and humid weather favors the scor-
pion proliferation. Tityus serrulatus, the scorpion of larger
medical importance, is responsible for the most serious
accidents (Fundação Nacional de Saúde, 2001). Its venom is
composed of a complex mixture of toxic and non-toxic
peptides (Diniz and Gonçalves, 1960). Two types of scor-
pion toxins have been implicated in the toxicity: toxin
gamma (TiTx, a b-type toxin) and tityustoxin (TsTX, an a-
type toxin), both with speciﬁc afﬁnity to voltage-gated
sodium channels (VGSC) (Barhanin et al., 1982). Because
TsTX was suggested as one of the higher lethal components
of the T. serrulatus venom (Kalapothakis and Chavez-
Olortegui, 1997), it was chosen to be tested in this study.
The TsTX binds to the site 3 of VGSC, mainly in the activated
state, delaying its inactivation and increasing the cell
membrane permeability to sodium. This condition en-
hances neurotransmitters release, which can stimulate
many systemic disorders (Barhanin et al., 1982; Casali et al.,
1995; Dorce and Sandoval, 1994; Massensini et al., 1998).
The cardiorespiratory complications pointed as the
main “causa mortis” of scorpion envenoming are cardiac
arrhythmias, arterial hypertension and hypotension, pul-
monary edema and circulatory failure (Bahloul et al., 2002;
Freire-Maia and Campos, 1989; Freire-Maia et al., 1994,
1974; Ismail, 1995). These effects involve the activation of
the autonomic nervous system (ANS), prominently gov-
erned by the sympathetic branch (SNS), whose activity is
generated and modulated by various central nuclei
(Guyenet, 2006). The direct action of scorpion venom on
the central nervous system (CNS) has been neglected due to
the understanding that its toxic proteins would not be able
to across the blood–brain barrier (BBB) (Ismail et al., 1974;
Revelo et al., 1996). However, biodistribution assays
detected the systemically given labeled toxin in the CNS of
developing animals, whose BBB is still immature (Clot-
Faybesse et al., 2000; Nunan et al., 2003). Additionally,
Nunan and colleagues observed that the TsTX distribution
in the brain of young rats was about threefold that of an
adult. Moreover, the CNS seems to be very sensitive to TsTX
(Nunan et al., 2003). In fact, there is an overwhelming
literature about the TsTX effects in the CNS: (a) intra-
cerebroventricular (i.c.v.) of TsTX induced convulsions in
rats (Lima et al., 1975); (b) microinjections of TsTX into
hippocampus of rats undergoing electroencephalographic
(EEG) recordings induced epileptiform discharges
(Sandoval and Lebrun, 2003); (c) intracerebroventricular
(i.c.v.) injection of TsTX low dose (1.74 mg) in adult rats
induced typical symptoms of severe scorpion envenoming(i.e. cardiac arrhythmias, convulsions, pulmonary edema
and death). Meanwhile intravenous administration (i.v.) of
this low dose failed in producing these aforementioned
effects, thus excluding a peripheral action of the toxin
(Mesquita et al., 2003). In addition, a subcutaneous injec-
tion of TsTX in developing rats induced high amplitude
discharges in nucleus tractus solitarius (NTS) (Guidine
et al., 2009), a medullary area well known for integrating
cardiovascular reﬂexes (Guyenet, 2006). These discharges
were correlated to electrocardiographic changes, as atrio-
ventricular blocks of different degrees, ectopic beats, sinus
tachycardia or bradycardia and premature atrial and ven-
tricular depolarization (Guidine et al., 2009). Altogether,
these evidences strongly suggest that CNS is involved in the
cardiovascular changes observed in severe scorpion
envenomation.
It is known that the previous health condition of the
patient may determine the severity of the envenomation
(Ismail, 1995). In this context, malnutrition, another con-
cerning syndrome that affects children in developing
countries, represents an important factor to be considered
(Ministério da Saúde, 2005). Deﬁciencies in dietary intake
impairs the CNS (Agrawal et al., 2009; Egwim et al., 1986;
Lukoyanov and Andrade, 2000), thus modifying the car-
diovascular homeostasis (Benabe and Martinez-
Maldonado, 1993; Bezerra et al., 2011a, 2011b; Loss et al.,
2007; Martins et al., 2011; Oliveira et al., 2004; Penitente
et al., 2007) and the reactivity to centrally-active drugs
(Almeida et al., 1996). Considering the high prevalence of
both conditions (scorpion envenoming and malnutrition)
in tropical countries, the hypothesis then raised is that
malnutrition would change the cardiovascular responses
produced by TsTX central injections. To test this hypothesis,
we evaluated the increases in mean arterial pressure and
heart rate evoked by the i.c.v. injection of TsTX in rats fed a
low protein diet.
2. Material and methods
2.1. Scorpion toxin
Tityustoxin (TsTX) was isolated from the venom of T.
serrulatus scorpion as described by Gomez and Diniz
(1966) (Gomez and Diniz, 1966) and modiﬁed by
Sampaio et al. (1983) (Sampaio et al., 1983). The lyophi-
lized toxin was solubilized in 500 mL of phosphate buff-
ered saline (PBS). A known concentration of TsTX, as
determined by Hartree (Hartree, 1972), had serum bovine
albumin as standard, and was used to determine the
absorbance coefﬁcient read at 280 nm: [protein] (Ag/ml)/
A280 ¼ 279. Further determination of TsTX concentration
was done by the direct reading of samples in the spec-
trophotometer (Hitachi spectrophotometer, model 2001,
Japan). After determining the concentration of protein
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10 mL each, and stored at 20 C until the time of the
experiments. All experiments used the same initial pool of
TsTX.
2.2. Animals
Experiments were performed on male Fischer rats
(n ¼ 20), supplied by the Experimental Nutrition Labora-
tory of Nutrition School/UFOP. They were kept in individual
cages on a 12 h light/dark cycle, at a controlled room
temperature (23 C), and fed with regular or low-protein
diet and ﬁltered water ad libitum. Efforts were made to
avoid any unnecessary distress to the rats, in accordance to
the Brazilian Council for Animal Experimentation. All pro-
cedures were approved by the institutional ethics com-
mittee for animal research of the Federal University of Ouro
Preto (CEUA-UFOP; n 12/2009), and were performed ac-
cording to the regulations set forth by the National In-
stitutes of Health Guidelines for the Care and Use of
Laboratory Animals.
2.3. Diets
Rats were fedwith a control or low-protein content (15%
and 6% of protein, respectively) diet manufactured at the
Cardiovascular Physiology Laboratory/UFOP. The amount of
salts and vitamins were similar in both diets.
2.4. Malnutrition protocol
After 28 breast-feeding days, male rats were separated
in individual cages and divided into two groups according
to diet: 1) control and 2) malnourished groups. The animals
were kept on these diet protocols for 35 days and then
submitted to the surgical procedures. The experiments
were conducted up to 2 weeks after the end of the diet
protocols (described in Section 2.6).
2.5. Surgical procedures
Rats were anesthetized with Ketamine and Xilazine
solution (80 mg/kg; 7 mg/kg; i.m.). Prophylactic treatment
with antibiotics (Veterinary Pentabiotic – penicillin (ben-
zatin benzilpenicillin, procain benzilpenicillin and potassic
benzilpenicillin), streptomicyn and dihydrostreptomycin:
1 mL/kg; i.m.) and anti-inﬂammatory (Ketoprofen: 4 mg/
kg; i.m.) drugs was performed in order to prevent post-
surgical infections and inﬂammation, respectively.
The procedures for cerebral cannulae and femoral
catheter placement have been described in detail else-
where (Martins et al., 2011; Mesquita et al., 2003; Penitente
et al., 2007). In summary, the rats were submitted to sur-
gery for cerebral guide cannulae implantation (stereotaxic
coordinates for left lateral ventricle: AP 0.3; LL þ1.2; DV
2.4 (Paxinos and Watson, 1986)). They recovered from
this surgery during ﬁve days, when catheters were
implanted into the femoral arteries for blood pressure and
heart rate measurements. The animals recovered from the
surgery until the next day, when the experimental protocol
was performed.2.6. Experimental protocol
After a 90-min accommodation period and 20 min of
baseline recordings, animals received a 1 mL i.c.v. injection
of TsTX (1.74 mg/mL), during a period of 1 min, through a
5 mL Hamilton syringe connected to the injector needle
(dental needle, G30, 11 mm of length) by a polyethylene
tube (PE-10 Intramedic, Clay Adams) ﬁlled with distilled
water. The same rats have been previously injected with
1 mL of PBS, during the baseline recordings, using the same
method described above. Rats were divided into two
experimental groups: control (C; n ¼ 12) and malnour-
ished (M; n ¼ 8). The femoral arterial catheter was con-
nected to a pressure transducer (STATHAM P23DB), the
signal conditioned (Low pass ﬁlter @200 Hz) and re-
cordings were acquired using an analogue-to-digital data
acquisition system (Akilah 4; Kananda, Brazil). Data were
sampled at 12 bits with a 1000 Hz-sampling rate. The
mean arterial pressure (MAP) and the heart rate (HR) were
calculated from pulsatile arterial pressure (PAP). The
recording protocol consisted of 20 min before TsTX injec-
tion, immediately followed by recording until death of the
animals.
2.7. Histology
After the recordings, animals were sacriﬁced and Evans
blue dye (1 mL) was injected i.c.v. to conﬁrm to site of in-
jection. The brains were excised, labeled, and kept in 10%
formaldehyde for at least 48 h, after which they were sliced
in a cryostat (50 mm thickness). The slices weremounted on
glass slides. After drying, the slides were stained with
Neutral Red and visualized in an optical microscope for
conﬁrmation of ventricular injection. Rats without
conﬁrmed histology were discarded from the study.
2.8. Data analysis
Each analyzed period of the recordings corresponds to
the mean of values during one minute (Basal and TsTX
periods). Three samples of recording values were collected
in the TsTX period: t1 – one minute past injection; t2 – half
and t3 – end of each record. As each animal died in a spe-
ciﬁc time, these periods are temporally different between
animals. The survival timewas deﬁned as the time between
TsTX injection and death. Death was determined as an
apnea period higher than 30 s.
2.9. Statistical analysis
Prism 5.0 (GraphPad Software, La Jolla, CA, USA) was
used to analyze all data. Data were expressed as
Mean  Standard Error of Mean (Mean  SEM) or Me-
dian: ﬁrst/third quartiles (Med: Q1/Q3). Unpaired stu-
dent’s t-test was used for the analysis of independent
groups. Two-way ANOVA was used for analysis of more
than two groups considering the inﬂuence of time and
treatment, followed by Bonferroni post-hoc. Kaplan and
Meyer estimative, with the log-rank test, was used to
compare the survival time curves. The signiﬁcance level
was ﬁxed at 5%.
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The protein restriction reduced the body weight in the
malnourished group, when compared to control group
(79 3 g vs 254 3 g; p< 0.0001; Table 1). Interestingly, the
weight of the brain of malnourished rats was statistically
similar to that observed for control animals (1.16 0.02 g vs
1.24 0.03 g; p> 0.05; Table 1). Also, the relative weight of
the brain (brain weight/body weight  100) of malnour-
ished ratswasmuch greater than in control rats (1.65 0.05
vs 0.47  0.01; p < 0.0001; Table 1).
The i.c.v injection of TsTX evoked a biphasic effect on
arterial pressure of control and malnourished groups
(Fig. 1A – see Supplementary material for additional de-
tails). Initially, therewas an increase inMAP in both groups:
control (Basal: 115  4 mmHg; t1: 169  4 mmHg, t2:
176  4 mmHg; p < 0.0001; Table 1-Supplementary ma-
terial); and malnourished animals (Basal: 115  4 mmHg;
t1: 134 4mmHg; t2: 1418mmHg; p< 0.0001; Table 1-
Supplementary material). This increase inMAPwas smaller
and delayed in the malnourished group, being apparent
only in t2 (p < 0.001). Following, there was a decrease in
MAP at the end of the recordings (t3) in both groups:
control (Basal: 115  4 mmHg; t3: 63  7 mmHg; p < 0.05;
Table 1-Supplementary material) and Malnourished rats
(Basal: 115  4 mmHg; t3: 54  12 mmHg; p < 0.05; Table
1-Supplementary material). Moreover, there was an in-
crease in HR in t1 and t2 only in the control group (Basal:
385  13 bpm; t1: 437  15 bpm, t2: 444  12 bpm;
p ¼ 0.0013; Fig. 1B and Table 2-Supplementary material).
Additionally, the malnourished group presented higher
latency to death after the injection of TsTX, when compared
to the control group (Med: Q1/Q3;M¼ 15.5:10.5/18 min vs.
C ¼ 9:9/13.5; p¼ 0.0009; Fig. 2 and Table 3-Supplementary
material).
4. Discussion
The major ﬁnding of this study is that protein malnu-
trition modiﬁes the typical cardiovascular responses and
survival time induced by intracerebroventricular injection
of TsTX. We found that malnutrition: i) reduced the
magnitude of the pressor response, which occurred with
later onset; ii) abolished TsTX-mediated tachycardia; and
iii) increased the survival time after TsTX injection.
Our results showed that malnourished animal pre-
sented a substantially reduced body weight (about 70%) in
according with previous reports (Bezerra et al., 2011a,
2011b; Loss et al., 2007; Martins et al., 2011; Oliveira
et al., 2004; Penitente et al., 2007; Tropia et al., 2001).Table 1
BodyWeight, BrainWeight and Relative BrainWeight (BrainWeight/Body
Weight  100) of control and malnourished rats. Results are expressed in
mean  SEM. *, p < 0.05 C vs M (Unpaired Student T-test).
Body
weight
Brain weight Relative brain
weight
Control group 254  3 g 1.24  0.03 g 0.47  0.01
Malnourished
group
79  3 g* 1.16  0.02 g 1.65  0.05*
P-valor <0.0001 >0.05 <0.0001Intriguingly, there was also a great difference in the relative
brain weights between control and malnourished groups.
Together with the lack of difference in the weight of the
brain between groups is a substantial evidence that the
body function tends to preserve the encephalon while
suffering a nutritional insult (Hales and Barker, 1992).
Despite the preservation of encephalon, changes in
neuronal arrangement and impairments in cellular func-
tion may not be discarded. In this regard, further mor-
phofunctional assays are required to better understand the
cellular mechanisms underlying the neuronal adaptations
produced by protein malnutrition. However, it is plausible
to reason that cardiovascular neural control might be
altered. In spite of similar weight and size of the brains
between control and malnourished rats, recent data has
described a differential neuronal recruitment in medullary
areas that affect the control of cardiovascular function
(Rodrigues-Barbosa et al., 2012; Rodrigues et al., 2013). The
mechanisms underlying the changes in the cardiovascular
control induced by protein restriction after weaning might,
in turn, explain the differential effects caused by central
injection TsTX between control and malnourished groups.
In accordance to other studies, central injection of TsTX
provoked clear cardiovascular responses, similar to those
observed followingperipheral administration (Guidine et al.,
2008; Mesquita et al., 2003). This fact supports the hypoth-
esis that the effects evoked by scorpion toxins might be
partially mediated by CNS. In this context, our results
showed that the blood pressure responses to TsTX in the
malnourished animals were smaller and started later,
whereas no chronotropic changes were found, diverging
from the standard responses detected in the control animals.
These differential pressor and chronotropic responsesmight
be attributed to alterations in electrical conduction system
due to malnutrition after weaning, which can cause delay in
the electrical impulse velocity, damage in the conduction
and, in this case, changes in excitability of cardiovascular
control encephalic nuclei, as well as it has been demon-
strated in others studies aboutmalnutrition (Moraes-Santos,
1981; Penido et al., 2012; Quirk et al., 1995). Additionally,
many results pointed that proteinmalnutrition increases the
heart rate baseline and the efferent cardiac sympathetic ac-
tivity (Gomide, 2013; Martins et al., 2011; Oliveira et al.,
2004; Rodrigues-Barbosa et al., 2012), which corroborates
the high basal heart rate of malnourished rats observed in
our work. Since they already exhibit basal sympathetic hy-
peractivity, these results are plausible. Moreover, the
malnourished animals had a longer survival time corrobo-
rating the idea that they might be less responsive to TsTX.
These unlike responses could be attributed to a decreased
neural protein biosynthesis, since malnourished animals
may have less protein substrate to keep the normal cellular
functions (Pedrosa and Moraes-Santos, 1987). According to
the literature, this can also affect the expression or modify
the structure of proteins which are involved in the electrical
impulse conduction, as voltage-gated sodium channels,
which are located in soma, dendrites and axons and are
considered key structures to the formation of action poten-
tials and therefore critical to the release of neurotransmitter
in the synaptic cleft (Denac et al., 2000). In fact, malnutrition
decreases the number and span of basal dendritic processes,
Fig. 1. Representative traces of cardiovascular responses (Blood Pressure – BP; Heart Rate – HR) to TsTX injection in control (C) and malnourished rats (M). (A)
Mean Arterial Pressure (MAP, mmHg) and (B) Heart rate (HR, bpm) before and after i.c.v. injection of TsTX (C and M groups). The bar graphs express the amplitude
of the (A) MAP and (B) HR responses to TsTX for both groups in the middle of the TsTX period record (t2 period). Symbols represent mean  SEM. *p < 0.05, C vs
M (two-way ANOVA, Bonferroni post-hoc). #p < 0.05 TsTX period vs basal within same group (one-way ANOVA, Dunnetts post-hoc). The dotted line illustrates
the division between basal and TsTX periods (t1, t2 and t3).
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neuron ratio (Cordero et al., 2003; Diaz-Cintra et al., 1990;
Morgane et al., 2002; Nordborg, 1978; Penido et al., 2012),
reduces the myelination and internodal segments thickness
(Cordero et al., 2003; Quirk et al., 1995; Reddy et al., 1979),
diminish the glutamate release and activity (Penido et al.,
2012; Rotta et al., 2003) and further changes the morpho-
physiology of brain areas, such as rostral ventrolateral me-
dulla, nucleus tract solitarii (Rodrigues-Barbosa et al., 2012),
hypothalamus (Pinos et al., 2011; Plagemann et al., 2000),Fig. 2. Percent survival (%) in relation to time (min) after TsTX i.c.v. injection
of control and malnourished rats (C and M). Symbols represent median: ﬁrst
quartile/third quartile (Med: Q1/Q3). *Statistical difference compared to
control group (p < 0.05, Kaplan and Meyer estimate with the log-rank test
for comparison between curves).hippocampus (Matos et al., 2011), frontal cortex (Flores et al.,
2011) and amygdala (Zhang et al., 2009), which are associ-
ated with cardiovascular regulation (Guyenet, 2006). In this
regard, it is plausible to suggest that the reduced cardio-
vascular responses induced by TsTX in malnourished ani-
mals might be attributed to changes in the electrical
conduction system of this animals, due to, at least, one of
following conditions: i) the reduction of dendritic spines
number, ii) the decrease in the synapse/neuron ratio iii) the
diminution in the myelination and ﬁber diameters, iv) the
impairment involtage-gated sodiumchannels effectiveness;
v) the changes in glutamate release and; vi) the alterations in
the morphology and excitability of encephalic nuclei
involved in cardiovascular control. Therefore, complimen-
tary studies are necessary to improve the knowledge on the
speciﬁc mechanisms by which the cardiovascular responses
to TsTX are impaired in malnourished animals.
In summary, protein malnutrition attenuates the car-
diovascular responses and increases the survival time
induced by central injection of TsTX, defying the concept
that malnourishment would worsen severe scorpion en-
venomation chances of survival; possibly compromising
TsTX pharmacodynamics and changing the excitability of
encephalic nuclei involved in cardiovascular control.
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